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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGB D'UN 
PUTTS, NOTAMMENT DTJN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DB TRONCONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

La presente in venuoo concern un praoW pour foreretchcaiiscrunpuits, 
noCammenl un puits de forage p&rolier, an moycn d'un ensemble de troocon* tufaulaires 

- ou prffonnes - similaire*, imtialemeal soupks, aptcj ft toe replMes lo a yMd inri emcnt 
tur elleMie^ ixw iimod^ 

5 reffet d'une prcssioo intense pour prendre une forme cylindriquc, et enfin a etre 
rigidififces \ n situ par polymerisation de leur paroi, Pcnoombcement transversal d*unc 
prtfonne repiiee tent de dimension maximale sensiblement infeneure I ton diametre 
interne a fetal deplie\ et lesdites pceTormes possldant one portion d'extremite* dont le 
diameor - antes depliernent - est legeretneot supericur a eclui de la preTorme, ce qui 

10 pennet leur Joncdoo bout-e-bout par embottement. avec reoouvrement de ladite portion 
d'extrtml*. 

Ainsi, en recouranl a ce type de preTorrac, qui est connue en soi 

- notamment par le document WOA-94/21887 -ileal possible d'obtcnir un ch oni saa e 
d*un alametre constant sur tcwteU tongue* putts. 

15 Ace! 4gard» U oonvtent de lappeler qu'avec des chemisages (ou tubeges) 

trsdittoonels conatitues par des tubes en acier. on est oblige* d'utUiser des trancons 
tubuUircstelescociqueMa^ 

des probiemes ^installation et d'otploitatioo uHeneuxe du puts. 

L'objectif de {'invention est de proposer un pnoceVJd* de forage et de 
20 chemssage du puits, a I'atde ck prffonncs du type mentionn* ci-dessus, qui puisse fttte 
mis en oeuvrc de snantere simple et rapide, a foible cool 

Poor cela, et confonn^ment a rinveniioo. on commence par mctxre en 
place unpramcrtit«co^ 
troocon tent toumee ven le has. 
25 Uproce^aelcnrinventk^ 

a) on fait passer axialcment, de haut en bas, a travels ledit troocon. un 
CHitil de foca^ et ai fore s*i-dessous 

fonne el de profoodeux adaptto pour reccvoir 1c troncon suivant ; 

b) on rcdre routfl dc forage ; 

30 c) on iniroduit une preTonne. a I'Aat replie\ a 1'inteneur du pints en la 

fsisant traverser le troocon deja en place, et on la poaitionne cooveoanlemenl a I ' inteneur 
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du trou, a portion d'extrcmiuS haute venant se placer * rintencur de U portion d'ex- 
tfteitf clargic du tronoan ; 

d) on introduit un dment fluidc au rood du trou. autour de U portion 

d'extremite* basse de U preTorme ; 
5 e) on introduit un fluidc sous pression, de densitf supericure a to dena* 

du dment, a I'tnterieur de U preTorme afin de to deplier radudemenl. progresavementde 
bas en bant, en ref ouiant le dment, egelement de has en baut, autour de la preTorme, 
conne to paioi du trou ; 

0 tout en maintenant la pfeTonne sous pression interne, on eo chaufle to 

10 p«oi pour La poiymenscr ; 

g) le dment ayant pro, et to preTorxne ayant duxci pout consumer un 

tronc^mbuldrerigkfadecn^ 

gonflage et a la polymerisation de la preTorrac, ainsi qu'a U dirtibutioo du dment ; 

b) on ctitere Topention pour lea tronjooj suivants, jusqu'a obtenir la 
15 loo^ueurdepuitschemirfaouhaitee. 

Lorsque, comme ceto sera expiique* plus loin, la preTorme presenfe des 
reserves de reane antes a migrer vera rexterteur pour former dea venous annulaires 
d'aancfadtf. le pcdnonnemeni de cea vcrroui est realise* an ddwt de Ptape f d-dcasua. 

De maniere paruculierement avantageuse, on utilise un outil de forafe dn 
20 g^tre^apte a ooaper select 

premier ctst d*eocombreaent minimal, Koj penncaant de passer a Hnteneur du troncon 
de> en place,™ second e^d>™ 

principal© du trou et un troisieme 4tat, d'encombrement maximal, pour le forage de la 

parte duboudestinecaiecevoirtop 
25 Dw»raittoaeaerealb^ 

a to pri ymensation de to preTorme, ainsi qu'a la distribution du droeni, comprend une fee 

adouWevalveplaceeenpn^ 

nmdeo^ gcmAa^arinleneurdetop^ 

L'instatlation de forage et de diemieage, qui fait cgalement paroe de to 
30 previa mveiition, serves* a to miae en o 

qu'dle comprend, en taie de puts : 

- une bobine de stockage et de reception, a l'tot cnroult, de ladite 

pctforme ; 

- une tele surptombam r entree du puits, ante a pcrmcttre le guidage et 
35 Introduction, dans le puits, dels preTorme et des difTdrents outillages servant au forage 

du puis ainsi qu'au gonflage d a to pdyn^sauonde to preTorme: 
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- de* bobincs dc Blockage a I '&at eniDuM dc tubes mcttlliques Aastique- 
mo* deTonnablcs aptea I faiiedescendre et ranocter lesdits outillages dans le puits. Tun 
de ces tubes coateoant ua dbie seivant a Tali mentation de la preTorme en courant 
efectrique; 

5 -ungeneYateurdecounmelccDique. 

D'auues caracieniUquca et avantages de Invention apparattront de la 
description et des dessins annexes qui en repreaentent, a simple litre d*exemptes non 
liiwtatifiuon»de demise en o 

Sur ces dessins: 

!0 - Lea figure* 1 a 4 soot des vuea sdktaafaques, en coupe axiale. montrant 

lea differences Aapes de roperation de forage de la partie de puts qui doit iceevoir la 
preTorme • 

• la figure 5 est unc vue scbemaiiquc d v une preTorme et de 1 , outfllagc dont 
elle eat soudaire, avant mise en place, dans le putts; 

15 - tes figures 6 at 7 aunt des vues parodies de IVxtremtte* basse de la 

preTorme, destiaees a illustrer le principe de la double valve dont est pourvue U tBte 
d'ouullage; 

• les figures 8 a 15 iUustrent let duTe>eaiesAipesde raise eaf^dW 
preTorme an bout d'un trcacon deja co place; 

20 - la figure 16 represente schemaUo^ement. cn coupe axiale, un puits 

cbesaisd par trois troooons coaxiaux aboules ; 

• la figure 17 est une vue schenaoque montrant les different* maleriels 
constitutifsde ^installation, aitues en surface (tetede puits) ; 

- les figures 18 130 -a ecbclle plus petite * illustrent le fc^oraement de 
25 ruistaualkm au cours des difTerentes ctapes dn c hrm isagc. 

La figure 1 represente I'extremit* basse d'un puits vertical en cours dc 
forage et da chemisage. Ce puits, incompletement foi*\ comporte un cbemisage deji en 
place sous forme d'un tube cyUndrique rigkJe 2 presentant une portion d'extremitd basse 
20 Angle. 

30 udiametrcDoecctle partie 20 est l*^^ 

dee la partie prindpale 2. si bienqu'il est possible d'erabotter les una dans lesautres des 
troncoos 2, avec reeouvTcment des parties d'extremite* 20. 

Le troocoo de chexnisage 2 est sceUedani 1c puits per im dment periphen- 

quc20a 

35 Mow aUons maimenant decrire de quelle maniere va toe mis en place, a 

l'aide du proceVie' de P invention, le troocoo suivant, destine* a etrc aboute* au troocoo 2. 
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Pour ccU. comme illustrd aux figures 1 a 4, oo commence par forer un 
trou destine a reoevoir ce trcnoon. 

A cet elTel oo utilise un outtl de forage 1, du genre trepan, qui a la 
particularity de pouvoir etre rttncti ou dilate radialemenc. dans trocs lots d'cncom- 

5 bcctnemdUTerents. 

Dans un premier tot. illustrt a U figure 1. Poutil est rttiacaf au maximum 
de idle maniert que sa plus grandc dimensioo tramvemle autorise son litre passage a 
I •Interieur du troocoo 2, axialemenf a travels cdui-ci 
Dew<xte^soocneornbfme^ 
10 De mamere coonuc. rou&l de focage I est fixe* I rextremit* d'une tige 

mbolaiit 10, qui parte k moceur d'entramcment (noa rep r esen t*) de rami en rotation, et 
lea organes assuitflit son de^oiemem 

Commeon le vena plus loin, la tige 10 est montec a rexttemite* d'un tube 
mltallique apte a etre enroule* sur un tambour reeepteur dispose en surface, en t&e de 
IS puits. 

Dans un second eMdedeploiemcntramal, Ulustrt * ti figure 2, U partie 
coupante 12 de Toutil poasede un diametrc de travail aensibuanentegal a D. 

L'outil ayant 6ti deaceadu axiaJement dans le puits, a travera tc aibagc 2 
66jk en place, on pcovoque ce depldement radial au diametrc D lorsqu'il est arm* a 
20 rtoeneurdela portion 4argie20. On acttoone aloes routil en ma^o^WXta^tmU' 
vmiUsadescenteconuiiemustrfparU 1. 

Oo realise afasUe forage d^mu^ D, coaxial au 

troricon 2, dau U proloruje^ 

La profoodeur de forage correspond a la longueur du troocon que 1 'on 

25 souhaiternettreeo place. 

L'ouul t poasede des organes de coupe addiuoonels 11 qui peuventttre 
deployes radialemeot a on diametrc supeneur a D. aTin de pouvoir reoevoir la portion 
elargiedutronconimertreenptaoe. 

Cornme illustrf a la figure 3. par renwntee de Poutil sek» P a . on realise 
30 mm un etargissemeoic'u trou 3 sur une censine hauteur. 

A la figure 4 on a design* par la ieTeren« 30 UpatoideU parti 
duttou3.parUitfeience31Uparoi^ 

basse du trou. dent le diatnetre D citlei»enicnueeduideUpartie3a 
I^prtfonii*4iepresentee 
35 genial que orile dtaite en detail dans le WO-A-94/21687 deja cite. 
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Neanmoins, die est ddpourvue dans sa parue basic d'un organe obturateur 
goo/lable, du faitqu'on a affaire a un trou borgne ; de plus, U preTorme 4 possede une 
portion d'extremite* basse 40 de section elargie. 

La preTorme 4 est supportee par une tige tnbulaire 5 en acicr. enrooiable 
5 sur un tambour de stoefcage situ* en i urface, et qui permct de la faire descendre a 
rintcrieur du puits, ttdclui fournir les flirides de timentatton et de goafiage, aia» que 
reaergie electriquc pour la polymerisation de la preTorme, par rintenneVJiaire d'un 
cfopceiUTdc mmrlmW wi-maw ^mufait central («tfrl) to dispone* al'mteneurde 
U pttfonae et te racoof^ 
10 Cc type detigedViercrm*ilable est coiiramment deagi^ ckra k metier 

per Ic tcrmc anglais "COILED TUBING" - en abrege" X,T." 

Commc ceU est decrit dans le WO-A-94/21887 dejactte\la preTorme est 
obcurec i« extremites haute et basse, de maaicrc ganche, par des nunchom arracha- 
bles et/ou decoupabies eo Tin d*operatkxL 
15 La t£te diatributrice 51 possede une double valve 52. 53. actionnaMe 

selecti i vemenc (depuis la surface). 

Comme illustrt aux figures 6 et 7, la valve 52 permct de distribuer un 

fhuViedegoxaTafeiriiiteneur 

distribuer un dmcsH Huide a la bascdelapceTcnne, arexteneuro^ 
20 Comme illustrt a U figure 8, la preTorme 4- qui se trouve uuonlemew a 

1 *emt radiakmcat replic* - est descendue dans le trou 3 axialcment, du ham vers le bas, a 
travenkcroocoodecfacinisage2dej4 

Blen enieadu, pour que c»d ^ 
bremen t transversal de la preTorme rcpti 6c soi I infeYicur au diametre in ternc de la preTorme 
25 depiiee,c^cc«espoodi 

Lorequc la preTorme est reptiee fur eUe-meme. elle presente une section en 
M IT cm en forme d'escergoc - comme illustrf par example aux figures 6A et 6"B» 
respectivemcni du documeot WO-A-94/25655 ; lorsqu'eUe est depUee elle prcsente une 
aeetsoodrculaiic. 
30 Ue*eTc*Toe4estpoara*in^ 

d'extremite* plus large 40 se trouve en regard de Ptlargisscmentde puits 31 ; la longueur 
du trou 3 est determine pour que. dans cette position, la portion enpeneure de la 
pfiforme se trouve en rega^ 

On precede alors a 1 # injection d 'une dosedcdmemliquide6ilabasedela 
35 preTorme, via la valve 53 (fleebes J, figure 9). 

Le cimcat est choisi pour avoir une densite* voisine - voire legerement 
supeneurc - de cetle de U bouc Uquide 7 setiouvant dans le puits. 
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L'arrivee de cimerrt a la bas* de la preTorme chasse done cettc bouc vers Ic 

haut 

Comme illustre* a to figure 10. on procede ensuite an gonflage de la 
preTormc. co injectaat un fluidc tout pression a rinteneur de cetle-ci. via la valve 52 
5 (fitches I). 

n s'agit soil d'un tiquide introduit de rexteneur (depuu la tice de puits) 
par le conduit 5 dam to preTormc, soil d'un liqukte(ea^boiieoMpe^e) pne^tdaosle 
puits et pompe* dans la preTorme. 

Le liquide de gonflage est avaatagetamaat dioia pour avoir unedam^ 
10 le^crenttntsn*6ietireacritea^^ 

gonflage va ae fail* progretsivemeat du bas vera le haut, com me symbolist par les 

fiecfaca Gala figure 10. 

A deTaut , la progression du gonflage du bas vers le haut peut 6tre controJee 
en prtvoyant. le long de la preTonne, une serie de bagues de contention f tangible*, donl 
15 le seuii de rapture est adapt* a ce sens de progression. 

U ci ment est par consequent refoule 6 gal ement de bas en haut contre la 
paroi du pints, cornrne symbolist par la fieche H. tandis que la bouc 7 sc trouve chassec 
vers Ic haut 

De prtf erencc le volume de ciment penphenque n'est pas suflfisant pour 
20 attdnareUpartie halite on to liaise* sans dment dans 

U «a« de jonction entre lea p«tia» 

ID- 

De pftference, to prtfonne 4 posset 
enmd, pnse en sandwich entre une pean inteneure ct une peau cxterieure clastiques, et 
25 munie, cote* intencur, d'une reserve contenant de la resinc aple a migrer vera rexteneur 
pour former des bourrdets annulaires favorisant I'ancrage ct 1 'aancWitf du tubage contre 
la paroi du puits. 

Une preTonne de cc genre est decrite dans la de m ands de brevet francaia 
94 06691 depoacc lc 7 juilkt 1994 par la demanderesse, et dans son extension inierna- 
30 liomJc PCT/FR 95^00902- 

Cea vcrroua annulaires, repartu lout le long de U preTonne sont reTerences 
9 ; de preTereocc il est prtvu une density plus grande de verrous (e'est-a-dire un 
ecartemem plus faibteeiitre les venous) aux extremes 

maniere a assurer une bonne eunchen* dans la Uaison bout-a-bout des different* 
35 troncons. 

Le chaufTage et la polymerisation de la preTonne sont realises une fois lc 
gonflage termiud, la pression de gonflage Ctant maintenue a Finieneurde to preTonne, 
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A titrc indkaaf, la pressioii interne est dcTordrt dc 15Uxi. 

Le ciuuiflage de la preTorme petit k faire soic en introduisant ua fluide 
chaud A Itnienei* dc la prtformc, soit par ruction cfaimique exodjermique, soil encore - 
de preTe*reace • par efTet Joule, ao moyen de resistances c*lectriques (fils chtufTants) 
5 diipoeecj dans la paroi de la prtfonne ou i proximite* de cdle-ri, d aliroenteles ca axmmi 
electrique depnis U tile de puits, via la a ge - "Coiled Tubing" - 5. 

A titie iadicauT, la temperature aeccasaire h la polymerisation cat dc 1'onlrc 
dc UOil40*C,e4Udur6edeccCctopec«derorfredeta 

Lorsque Ka poiyinerisanoe dea venom 9 et de la paroi de prff enne est 
10 tominee. et que le ciment 6 a uit sa priae (figure 12). oa retire l\**illagc 500. SO, 51 
(flecaeK, figure 13). 

On iastalle alore ua oudl de coupe (501) a Pextrernite' du tube 5, et on 
decoupe le maachoo deuwcneit* de 1 extremity haute de la rxeTorrne (pdymerisee) 4* 
(figure 14). qu'on errache ensuite. On opere de la raeme maaiete pour le mancbon 
15 ir/eneur. 

On obtient alore ua tnmcpn de chaiiisage rigide 4' i^ooge cowu^ 
memle wbegepreceVfent 2 (voir figure 15). 

L'opexatkm qui vieat d'etre decrite est biea sOr rtlt«e, tronoon apres 
troncoa, afin d'obrair tm profoadeur de puits cfacnuac* souhaitec, 
20 DaiuttnnK)dedere>lisatk»po« 

comp ose * a 30% de reaiac epoxy et a 70% de fibres de vcrre, ceoe true ayaat une 
Cpaisseur dc I'ordre de 14mm ; lea pcaux interieure ct exterieure. en caoutchouc 
syntbitia^c^respectirementuaee^ 

A titre indicatif , la portion priocipale de la preTonne 4 possede, a Fdtal 
25 de^undiaiaetre intent 

184mm. tandia que la portion Margie 40 possede nn diametre interieur de Tordre de 
188mm et ua diametre exterieur de I'ordre dc 236mm. 

Les portions 30-32 et 31 du puits one dea mametrea nwyensde Tordrede 

197mm et de 244,5mm, rcspectivemenL 
30 La longueur dea difrerents troncons peut roUaxDeoiciU to trea variable ;i 

simple titre iadicauT, la longueur d'une preTorme peut fare de i'ordre de 500m. 

La figure 16 lepreseate un puits F chemist par un ensemble de trois 
trorjeons 2A, 2B et 2C aboutes et dmeates. 

U figure 17 represent* acWmaliquemeat une installation de tfce de puits 
35 qui permet de mettrc en ceuvre le procctte' selon rinveoUoa 
Surcetle figure, btftede puits. re^ 
n^tallique (chassis) 100 entourantU tele de puits. 
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Cctte structure 100 pone un injecteur 101 pourvu d'un sabot d'appui 102, 
etserrat a supporter el a polish mtXtoids lorsqu'ils soul desceudus dans 

le putts ou retires de cclttl-ci ; die sc trouve 1 1 'aplomb del'cctreedu puits. 

On a desagn6 par la reference 54 un tambour dc stoefcage hit lequd est 
5 earouleeUprtTonnc;elkesisuppodee 

Urtfdrence 540 den gneim sabot ce^ 

t P entree do puits. 

Let ret erences 56 ct 57 designcst des twnboura sw lesc^ torn eoioules 
et stocks respectivemeat Us tubes "CT.** (Coiled Tubing) SGOetS. 
I0 Le tube 560 aert a supporter ct a depiacer Toutil de forage ; le tube 5 

(commc deja<fit} sen a supporter la preTorme, a amecer les flutde* de gorJlage ct de 
cj meat, fop a U prtforme, et a la connecter a une source de courant electrique (pour la 

polymenaation). 

L'61ectnafc est fournie par un genersteur electrique S8. 
15 i^itf&cnceS9deagneuittcabifiedem^ 

De auniere classique, Pentree da puits a forer est initiaJemenl ganrie d'un 

cuvetageS50. 

Le trepan 1 est adapt* a I'extitinite du tube 560, lequel est deroule du 

tambour recepteur 56, stipporte etguid6 park sabot 102, pu^ 101 

20 (voir figure 18). 

On ptocMe alorc au forage du trou. dc forme &agec 3, destin* a reccvoir 

te premier titmcm (figure 19). 

Apres mise en place de la preTorme, ciraentaJtion et mise au rood, et enftn 
polyroerlsaoon ift^de cett^, w 
25 c« retire lecoodutt cental (50), kt^ 

54 (vide) sur bquelle Aait impalement stockec U preTorrae (figure 20). 

UpreTc*inese trouve abouaie,^ 

On defait ensuile les connexions bydrauliquc et electrique avec la 
prtforme, on installe et on aedte de maniere Aaache uutaur de la tetc du puits un 
30 appamBage de securite ad-hoc A, ceci par une technique eonvcntiooneUe (figure 21). 

A I'aide de I'outil de coupe 501, porta par le tube 5. on decoupe les 
aancnoos d'etanchfitc' bant et has (figure 22). 

L'cttu?e ntivante eonaiste a forer la section suivante, pour obtenir un trou 
6age 3 ptoiOQgeant le tioocon 2 (figure 23). 
35 Eosdte, on calibre ks diametrcs et on venfie I 'alignement du troncon 2 et 

du trou 3. a I'aide d'un instrument appcoprie* 1000 (figure 24). 

On met en place une nouvdle preTorme (figure 25). 
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On la fait descendre dam le puits, et on la positioone conveaattoncnt dans 
le trou 3. On la connects au tube 5, at on precede au goofla^ilacimcalaiian, etila 
polymerisation (figure 26}. 

On retire Ic conduit central 50. qu'on temonte et qn'on enroule fur 1c 
tambour ricepteur 54 (figures 27 ct 28). 

On suspend routiide coupe 501 au tube 5, et on Ic descend pour decouper 
les manchons d'extremit* (figure 29). 

Onobti««ainacktutroii90M 
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1. Proc&Je* pour forcf et chetniser un puits, notammen: ua puits de forage 
pCtroiier, au moyen d'ua ensemble dc troncocs tubulaires - ou preTorraes - similaircs, 
irutialement soupies. eptes a toe repute loogitudSMkmcnt sur elles-mtacs pour toe 
introduites dun le puits* puts * etre depiiees radialemcnl sous PcfTct d'une press too 

5 interne pour prendre une forme cyiindrique, et enfin A toe rigidifite ULBfii par rjdvmen- 
sation de leur paroi, reocombrement transversal d ene preTonne replite e*um de 
dimension maximalc sensiblemcut inferieure a eon dbmeCre intern a l'6tat deplie\ et 
lesdites pntfonnes (4) poaattaot sue portion d'extrtmite* (40) dont le diametre - apres 
depliement - est legerement supencura cdui dureste dcUpr^^ 
10 jonctioo bout-a-bout par exnbottement avec recouvrcmeat de latfite portion d'extremite* 
(40), carmcterise* par le fait que, un premier trancon (2) ayant ^ mis en place du cote* de 
('entree du pedis, em portion d'extreraiu! dargic (40) tournec vers le baa, 

a) on fait passer axialemem, de haul en bus a travers ledit trancon (2). un 
ounl de forage ( 1), ct oo fore au<4essous et dans le prolcjogcroent de ce trancon (2) un 

15 tjoi(3)deformce<derxofo^ 

b) on retire 1'outiJ de forage (1) ; 

c) on introduit une preTonne (4). * V&at replid, a iinteneur du putts en la 
faisant traverser le troncpo (2) deja en place, et on la posiuonne oooveoablement a 
rinterieur du trou (3), aa portion d'cxtr&nitf haute venant se placer a l interieurde la 

20 portion d'exsremite* dargie (40) du trancon (2) ; 

d> oo introduit un ciment fliridc (6) au fond du trou (3). aulour de la 
portion d'e jaremite* basse de La preTorme ; 

e) on introduit un fluide sous pression (8). de density superieure a la 
densiut du ciroent (6), a rinteneur de la preTonne (4) afio de la deplier radialement, 
25 progresavcmeol de bes en haut, en refoulant ie ciment, e*ga!eroeot de bas en beat, autoor 
dc Is prtfonoc, centre U paroi du trou (3) ; 

QtoulenmaiBtenant la preTonne sous pression interne, oo en chaufle la 
paroi rxxirlapotymeiiser ; 

g) le ciment ayant pris, ct U preTonne ayant Curd pour constituer un 
30 troofoo tubulaire rigkJe de chemisnge (4*). on retire axialcmcnt les outollages ayant servi 
augocJlageetalapcJyou%isato 

b) oo reitert I'openuon pour les trancon* sirivants, jusqu'a obtenir la 
longueur dc puits chemise" souhaitee. 

2 . ProceVle* sdon revendication 1. caractense* par le fni qu'on utilise un 
35 ouul de forage ( 1) du genre trepan, apce a occuper selecti vcment trots elats de contraction 
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radiate, a avoir un premier tot d'cocombrcmcnt minima], lui pennetfmt de passer & 
rinlcneur du 110090a (2) dej* en place, un second etat, d'cocombranent inicnnAiiaire, 
pour Ic forage de la partie priocipalc (30) du trou (3) ct un troisieme etat, d'enoombccmeflt 
majumd. pour k foiagedt la partie (31) du trou (3) desfcDe* a rtccvoir U portion eTargie 

5 deU|*eTonne(4). 

3 . Pirxrfd* sdon U revxndkaikxj 1 ou 2, cajractense* pax le fait que tedit 

ou tillage comprend use fete (51) a double valve (52. 53) place* en partie basse de la 

prtTorme (4), a|^a cn^buCTsaecnvement un flwde de gonflage (8) a rintencurdc U 

preTonne (4) et on aa^nmtktykVeK&tmtecA+ci. 
10 4 . Installation de forage et 6c caemisage, destine* a la miae en oenvre du 

piooioe selon Tune des revendications 1 a 3, caracteiisee par le fait qu'elle couiprend, en 

ttedupuiu: 

- one bobine (54) de atockage et de reception, a 1'etat etuoule, de ladiie 

nrtTorroe(4); 

15 - une tfete (101) aurplombaat Peutite (55) du puits, apie a permettre le 

guidage et rintnxhicuoa dans le puits de la preTonne (4) et des different* outtllages 
servant au forage du puits ainsi qu'au gonflage el a U polymerisation de la prtTorme ; 

- oes bobines (56, 57) de atockage a Petal enrouU de tubes mtelliques 
clasoqueincntdeTwnM^ remonter leedits cartilages 

20 dans le puits. Tun (5) de eea tubes con tenant un cable servant a 1'alimentarion de la 
preTonne encounmt electrique ; 

- on generatour de cowant electrique (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 
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1 

PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the pnnciple of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different matenals that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
1 5 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F! in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/2 1 887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WOA-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 3 1 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in Figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 1 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23), 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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10 

CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding — is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (3 1) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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